whom the transcallosal approach has been used to resect tumors in the lateral and third ventricles. Although this procedure can help to achieve appropriate surgical goals, inexperience and lack of attention to details can result in serious and permanent neurological impairment.
TRANSCALLOSAL APPROACH TO LATERAL AND THIRD VENTRICLES

Patient Selection
Although it provides limited access to tumors in the posterior trigone, temporal horn or superior frontal horn, the transcallosal approach to the lateral and third ventricles can provide maximal exposure to tumors arising in these regions (Fig. 1 left) . Patients harboring tumors arising in these locations are best managed by transcortical approaches (Fig. 1 right) . Each of these surgical options has its own set of potential complications. 12, 16 One of the contraindications for transcallosal surgery is crossed dominance, a condition in which the hemisphere controlling the dominant hand is contralateral to the hemisphere mediating language and speech. 4, 5, 9, 14, 15 Crossed dominance can occur when there is evidence of extracallosal dysfunction, particularly following cerebral injury (due to surgery, trauma, or infection) during childhood Neurosurg Focus 10 (6): Article 3, 2001 , Click here to return to Table of Contents   Transcallosal approach for tumors of the lateral and third  ventricles and resulting in relocation of function. These patients may be at risk for writing-and speech-related deficits following callosal sectioning. Transcallosal surgery may also be contraindicated if the splenium of the corpus callosum is sectioned in the presence of a homonymous hemianopia in the dominant hemisphere, causing alexia.
Most patients with intraventricular tumors reach medical attention because of the signs and symptoms of hydrocephalus that have caused cognitive disabilities such as memory, perception, and fine motor skill deficits. [10] [11] [12] Because the risk of causing memory deficits is also a concern should injury to the fornices occur, 6, 7, 15, 17, 19 a neuropsychological evaluation for cognitive deficits can be an important part of the preoperative assessment.
Significant neurological impairment may occur when the hemispheres are damaged operatively. 11, 12 This most common deficit is associated with excessive retraction of a hemisphere in the presence of hydrocephalus, loss of a dominant cortical vein, venous infarction, or inaccurate identification of anatomy and excessive manipulation of compromised white matter tracts within the ventricle.
Operative Approaches
Because the interhemispheric approach provides equal access to both lateral ventricles, the side of the craniotomy is primarily dependent on the presence of midline draining cortical veins. If venous drainage is symmetrical, the nondominant hemisphere is the optimal choice; however, preservation of venous drainage overrides other considerations for placement of the craniotomy. Magnetic resonance venography can usually provide adequate visualization of the venous drainage for preoperative planning. Exposure of the interhemispheric region requires extending the craniotomy to the midline over the superior sagittal sinus. To access the interhemispheric fissure, removal of a bone flap up to the edge of the superior sagittal sinus can be followed by careful separation of the sinus from the inner table of the skull and then removal of the bone over the sinus.
The dural opening typically begins laterally and is carefully extended toward the midline. It is not uncommon to find that dominant frontal veins enter the dura lateral to the superior sagittal sinus margin. When this is encountered, the dural opening can be redirected; this is performed to leave a dural roof by incising on both sides of the vein. The goal of creating the dural opening is to bring the operative exposure to the edge of the sinus. Retraction of the dura over the sinus should be performed so that blood flow is not impaired (Fig. 2) .
Brain relaxation is critically important to minimize retraction-induced injury and should occur prior to interhemispheric dissection. To this end, hyperventilation, osmotic diuresis, and ventricular drainage systems are used. The anterior cerebral arteries overlie the corpus callosum. These arteries can be easily separated to allow access to the corpus callosum. C: The lateral ventricle viewed through the operating microscope. The choroid plexus is seen entering the foramen of Monro.
The ventricular drain is often placed following dural opening ipsilateral to the craniotomy; however, when large tumors preclude ipsilateral placement, use of the contralateral ventricle remains an option.
The arachnoid granulations found along the medial hemisphere into the sagittal sinus are opened with sharp dissection, and interhemispheric dissection is begun. At this point the operating microscope is used. The dissection requires identification of both anterior cerebral arteries and opening of the callosum between them. The corpus callosum is identified by its relative hypovascularity and pale white color. The length and placement of the callosal sectioning is determined by the location and size of the tumor.
Once the ventricle is opened, it is important first to establish normal landmarks. Identification of the choroid plexus, septal vein, and thalamostriate vein all will lead to the foramen of Monro. If the callosal sectioning has led to the contralateral ventricle, the septum pellucidum can be opened to access the ipsilateral side. Should this occur, it is imperative to preserve the fornices at the base of the septum. Tumor resection is facilitated by maintaining the dissection plane between the ependyma and lesion. If the foramen of Monro is patent, placement of a barrier will prevent blood from pooling into the third ventricle, avoiding potential ventricular obstruction.
There are several options for accessing the third ventricle via the transcallosal approach. The foramen of Monro provides access to the anterior third ventricle; however, lesions in the middle and posterior third ventricle require an alternative exposure. An expanded foramen does not routinely need to be enlarged by sacrifice of a fornix. If a lesion located within the third ventricle can be decompressed and delivered into the foramen, then this is the most appropriate use of this approach.
A common approach to the middle and posterior third ventricle is through the choroidal fissure into the velum interpositum (Fig. 3) . This space is defined laterally by the insertion of the choroid plexus, superiorly by the fornix, and inferiorly by the dorsomedial thalamus. The choroid plexus can be removed along its insertion in the choroidal fissure. The fornix is then gently elevated along with the internal cerebral vein, which opens the velum interpositum. The tumor is decompressed into the area of exposure and mobilized away from the ependymal surface of the ventricle.
The final transcallosal approach to the third ventricle is through interforniceal dissection. Because the anatomical definition of this space may be difficult to identify and because bilateral forniceal injury can cause severe memory deficits, this approach is often reserved for cases in which there is either a cavum septum pellucidum or significant mass effect that has anatomically separated the fornices.
Tumor Removal
It is not uncommon for lesions within the ventricles to grow and expand slowly, and these tumors can become quite large before they are identified. Consequently, the surgery must be planned to reach the lesion and to decompress it so that it can be removed via a relatively small opening. Tumors arising in the choroid plexus such as papillomas and meningiomas receive their blood supply from the choroidal vessels (Fig. 4) . Early identification and transection of these vessels will reduce bleeding associated with piecemeal tumor resection. Lesions that arise from the ependymal surface and septum pellucidum (for example, gliomas and neurocytomas) will receive blood supply from the small vessels of the ventricular walls. These small vessels create less intraoperative blood loss, but because they are frequently numerous and small, meticulous dissection with microscopic illumination and magnification will be mandatory.
Intraventricular surgery requires the surgeon to work in a small space and to manipulate a tumor several centimeters from the brain surface. To prevent misidentification of
Neurosurg. Focus / Volume 10 / June, 2001
Transcollosal approach for lateral and third ventricle tumors normal anatomy, it is helpful to orient the dissection according to reliable anatomical landmarks. The course of the choriod plexus and the thalamostriate vein to the foramen of Monro, where it is joined by the septal vein and the vein of the caudate to form the internal cerebral vein, can be used to guide the surgeon for localization of the fornix, thalamus, and septum pellucidum. When increased magnification restricts the field of view through the operating microscope, it is frequently helpful to become reoriented to the normal anatomy to prevent wandering into the thalamus, hypothalamus, and fornix. Whenever possible, the plane between the tumor and ependymal surface should be maintained.
The use of neuroendoscopy has become common for surgery within the lateral ventricles. 2 Endoscopy can provide visualization of and access to both the body of the lateral ventricles as well as the third ventricle with minimal manipulation of the brain (Fig. 5) . Cystic lesions can be aspirated and biopsy samples obtained using existing technology. Endoscopy also can be useful as a surgical adjuvant during microsurgical excision of large intraventricular tumors.
Following tumor resection, it is important to ensure complete hemostasis. To prevent delayed ventricular obstruction, care is taken to irrigate blood that may have pooled in the lateral and third ventricles. The ventricles are filled with warm saline at the end of the surgery to remove air that may have become trapped. A ventricular catheter is left in the lateral ventricle for approximately 48 hours postoperatively to monitor intracranial pressure and to demonstrate that the ventricular system is patent. It is routine to obtain a computerized tomography scan on the 1st postoperative day to evaluate the extent of the tumor resection and to check for obstruction. The catheter can be removed at the bedside prior to mobilization of the patient.
CONCLUSIONS
The transcallosal approach to the lateral and third ventricle lesions offers an important surgical option. There are several advantages to this approach over the transcortical route. With appropriate brain relaxation and minimal retraction, the surgeon can reduce the risk of brain injury. Care to preserve medial draining veins prevents venous infarction. Partial sectioning of the callosum leads to minimal long-term consequences unless additional brain injury is induced. Because this approach is not commonly used in the average neurosurgical practice, it is important to review the anatomy and to pay careful attention to the techniques that optimize a favorable outcome.
Transcallosal surgery carries a reduced risk of postoperative seizures, porencephalic cyst formation, and subdural hygroma formation compared with transcortical surgery. 11, 12, 16 Limited exposure of the posterior lateral ventricle and the apex of the frontal horn, however, reduces the utility of the transcallosal approach for lesions arising in these regions.
Because the primary neurological signs and symptoms associated with intraventricular tumors are caused by hydrocephalus, 11, 12 it is important to ensure that the resection of the lesion has opened the ventricular pathways. Prolonged ventricular dilation induced by a long-standing lesion may not be reversible; these patients should be monitored as it is possibile; they may have a condition similar to normal-pressure hydrocephalus. The failure to achieve anticipated recovery of cognitive abilities after tumor resection is an indication that additional testing should be undertaken. In selected patients in whom to improvement does not occur, placement of a ventricular shunt may be required. 
